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(57) ABSTRACT

The invention relates to a protection device for a motor
spindle (1) arranged 1 a housing (2), particularly of a
machine tool, having an mner ring (6) fixedly joined to the
motor spindle (1) and an outer ring joined to the housing (2).
The inner ring (6) 1s arranged in the outer ring (7) 1n a way
permitting axial motion and a tilting motion, and 1s placed
under elastically resilient preload against the outer ring (7) by
means of preloading members (8).

10 Claims, 1 Drawing Sheet
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PROTECTION DEVICE FORA MOTOR
SPINDLE

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority under 35 U.S.C. §119 to
German Patent Application No. 10 2007 032 498.9 filed Jul.

12, 2007, the entire contents of which are incorporated herein
by reference.

FIELD OF THE INVENTION

The invention relates to a protection device for protecting a
motor spindle from impact damage.

BACKGROUND OF THE INVENTION

Today the work spindles of many machine tools (above all,
milling and grinding spindles, but also driven tool shafts on
lathes, etc.) are 1in many cases implemented as motor spindles.
With these, the actual work spindle, with bearing arrange-
ment and electric drive as well as the tool holder with chuck-
ing system and release unit, internal lubricant feed, cooling
etc., 1s combined 1nto a compact drive assembly that is
attached with screws or clamped to a feed carnage of said
machine tool. As a result of a drive free of shear force or
torsional play, the motor spindles feature, in comparison to
conventional solutions having an external drive by means of
couplings, belts or gears, the advantage of a greater running
smoothness and fewer run-out errors, and have 1n addition,
due to the lower rotating mass, shorter run-up times and
braking times, with an improved workpiece surface quality
being achievable together with simultaneously lower primary
processing times. As a result of the high feed rates and accel-
erations, the mass of the spindle and of the feed carnage
produces a kinetic energy that 1s substantially greater than the
force from the feed drive, and can also not be diverted by
means of a safety clutch at the feed shaft. For this reason,
special protection measures must be met 1n order to protect
the motor spindle from 1mpact damage or the like. High-
precision heavy-duty spindle ball bearings, m particular, can
be damaged very quickly in the event of a collision caused by
operator error or programming error; this 1s associated with
considerable repair costs as well as lengthy machine down-
times for dismantling the motor spindle and installing a
replacement spindle to be kept on hand.

Known from DE 1935 27 561 A1 1s an impact protection for
a motor milling spindle of a machine tool, for which a work
spindle with the entire bearing arrangement 1s arranged axi-
ally movable within a housing. The driveshatt of the motor 1s
axially spaced apart from the work spindle, and 1s attached to
it by means of a toothed coupling 1in order to transmit the
torque of the motor. The work spindle 1s fixed within the
housing axially by means of compression bushings. In the
event of a collision, the work spindle together with the com-
plete bearing arrangement can move along their longitudinal

axis within the housing, with the compression bushings
deforming plastically. This does indeed protect the bearing
arrangement ol the spindle, but after a collision the work
spindle must be removed and disassembled 1n order to 1nsert
new compression bushings and to align the bearing arrange-
ment again. In addition, the work spindle can move only in the
direction of 1ts longitudinal axis, and therefore 1s 1nsuifi-
ciently protected from a lateral or oblique collision.

SUMMARY OF THE INVENTION

The purpose of the invention 1s to create a protection device
for a motor spindle which permaits not only an axial displace-
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ment but also a tilting motion of said motor spindle in the
event of a lateral load and which enables return to the starting
position 1n an installed state, at the lowest possible cost.

This problem 1s solved by means of a protection device
having the features as set forth in the independent claim.
Practical improvements and advantageous embodiments of
the invention are the object of the dependent claims.

The protection device according to the invention 1s com-
posed ol an mnner ring permanently joined to the motor
spindle and an outer ring joined to the housing. To be under-
stood as the housing shall be any suitable recerver for the
motor spindle, such as the feed carriage or else the machine
framework of a machine tool and the like. Therefore, the outer
contour of the outer ring, rather than also necessarily being
round, can be adapted to the respective machine. The inner
ring 1s arranged to be axially movable and tiltable in the outer
ring and 1s placed under axial preload 1n an elastically resil-
ient manner against the outer ring by means of preloading
members. The preloading members hold the inner ring within
the outer ring with a predetermined preloading force, with
this consequently fixing the motor spindle relative to the
housing. The preload predetermined by means of the preload-
ing members 1s configured such that the inner ring, for a
normal load 1n accordance with the application, does not
move 1n relation to the outer ring. Said preload can differ
according to the intended use and construction of the machine
tool. If, however, the force acting upon the motor spindle, e.g.,
in the event of a collision, exceeds the threshold value prede-
termined by the preloading members, the motor spindle can
give way by means ol a motion of the inner ring, with not only
an axial shifting, but also a tilting motion of the motor spindle
being possible in the event of a lateral or oblique force acting
on the spindle axis. This optimally protects the motor spindle
from damage even in the event of a collision having an effec-
tive force oblique to the central axis. In addition, a shifting of
the inner ring relative to the outer ring causes the preload
brought about by the elastically resilient preloading members
to 1ncrease, thus dissipating kinetic energy from the feeding
motion and causing the generation of a braking effect. Rela-
tive motion between the mner and outer ring can be detected
by a suitable sensor and used as a signal to switch off the feed
drive.

An additional advantage of the protection device according
to the mvention consists 1n the fact that the motor spindle,
alter being shifted due to a collision, can automatically move
to 1ts starting position again. After a possible collision, the
clastically resilient preloading member causes the inner ring
to be automatically shifted to its original position again, such
that an elaborate disassembly and subsequent alignment 1s
not required.

The preloading members can advantageously be config-
ured as pressure springs that press an end face of the inner ring
against an annular supporting surface of the outer ring. The
preloading members can, however, also be configured as elas-
tic-resilient pressure elements or as hydraulic or pneumatic
cushions and the like.

In order to improve damping and 1n order to avoid oscilla-
tion, additional radial damping members can be arranged
between the mnner ring and outer ring. These additional damp-
ing members can be used to increase the friction between the
inner and outer ring 1n a defined manner 1n order to, 11 nec-
essary, suppress oscillation produced by means of machining
force or increased speed. The damping members can be com-
posed, e.g., of several radial retaining elements upon which
springs bear, which elements are advantageously movably
guided 1n several radial drilled holes distributed about the
circumierence of the mner ring, and are mtended to engage
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with indentations 1n the outer ring. Only when a threshold
force has been exceeded are the retaining elements pressed
against the force of the springs, by means of which the inner
ring can be released. Here also, either a simultaneous release
of all retaining elements from the indentations or else also
only a partial release 1n order to tilt the motor spindle is
possible. The retaining elements can also serve to support the
torque of the motor spindle relative to the housing.

In an advantageous configuration of the ivention, the pre-
loading members on the outer ring and/or the damping mem-
bers on the inner ring are arranged 1n a uniform distribution
about the circumierence 1n order to receive the same releasing
moment for any direction of force within the plane (within the
X/Y plane) perpendicular to the central axis (Z axis) of the
motor spindle. However an asymmetrical arrangement can

also be used to deliberately achieve a differentiated release
behavior (different 1n the X and Y direction), should this be
required due to the design of the machine tool.

BRIEF DESCRIPTION OF THE DRAWING

Additional specific features and advantages of the inven-
tion arise from the following description of a preferred
embodiment based on the drawing, which shows one part of
a motor spindle having one embodiment of a protection
device.

DETAILED DESCRIPTION OF THE INVENTION

The motor spindle (1) schematically depicted in FIG. 1 1s
arranged 1n a housing (2) of a machine tool or the like. Said
housing (2) can be, e.g., a feed carrniage part, a machine
framework or another part of a machine tool. The motor
spindle (1) comprises a spindle housing (3) 1n which a work
spindle (4) 1s rotatably mounted by means of bearings, not
represented, about a central axis (3). The motor spindle (1)
also features, 1n a known way, a drive motor arranged 1n the
spindle housing (3), an integrated tensioming device with
release unit, an internal lubricant feed, a cooling system etc.,
and consequently forms a complete drive assembly employed
primarily 1n milling or grinding machinery as a drive unit for
the tools, but also for driven tool shafts for lathes, etc.

The motor spindle (1) 1s held within the housing (2) by
means of an mner ring (6) permanently joined to the motor
spindle (1) and an outer ring (7) permanently arranged 1n the
housing (2). The inner ring (6) 1s arranged 1n the outer ring (7)
in a way permitting axial displacement and tilting displace-
ment and 1s placed under axial preload against the outer ring,
(7) 1n an elastically resilient manner by means of preloading
members (8). The inner and outer rings create an interface
between the machine tool and motor spindle that serves to
protect the motor spindle from 1impact damage.

For the embodiment shown, the outside of the inner ring (6)
features an annular tflange (9), with the side facing the outer
ring (7) including a bearing surface (10) perpendicular to the
central axis of the inner ring (6) 1n order to bear against an
annular supporting surface (11) on an 1inner ledge on one side
of the outer nng (7). The other side of the outer ring (7)
comprises a diagonal inner surface (12). By means of a semi-
circular-shaped rounding (13) on the outside of the annular
flange (9), the mnner ring (6) 1s additionally supported against
a correspondingly rounded bearing face (14) of the outer ring
(7). Here the preloading members (8) are executed as com-
pression springs which are arranged on the outer ring (7) in a
uniform distribution about 1ts circumierence. The preloading,
members (8) executed as compression springs are mounted
between the head (15) of a screw (16) fixed 1n the outer ring,
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(7) and an mner end face (17), to the left in the drawing, of the
inner ring (6). This causes the 1inner ring (6) to be pressed by
means of the preloading members (8) against the outer ring
(7). The screws (16) are screwed 1nto the outer ring (7) 1n
threaded holes (18) running perpendicular to its supporting
surface (11). The preload force of the preloading members (8)
executed as compression springs can thus be adjusted by
screwing 1n or unscrewing the screws (16).

Additionally provided 1n the annular flange (9) of the inner
ring (6), distributed about the circumierence, are several
radial drilled holes (19) with spring-loaded radial retaiming,
clements (20). The pin-shaped retaining elements (20) feature
a ball-shaped free end 1n order to engage with dome-shaped
indentations (21) of the outer ring (7). The retaiming elements
(20) are movably guided perpendicular to the central axis of
the 1mner ring (6) 1n the radial drilled holes (19) and are
pressed outward by means of springs (22). Screws (23) hold
the retaining elements (20) captive within the drilled holes. In
addition, the screws here can be used 1n order to change the
preload of the locking pins.

For the embodiment illustrated in the drawing, the spindle
housing (3) of the motor spindle features an annular flange
(24), onto which the inner ring (6) can be screwed. However,
the mner ring can also, e.g., be shrunk onto the spindle hous-
ing or be designed as integral with 1t. The outer ring (7) 1s
permanently attached to the housing (2) by means of a cover
disk (25). The outer ring (7) also can be attached to the
housing (2) by another means or can be designed as integral
with 1t.

The mvention claimed 1s:

1. A protection device for a motor spindle, the motor
spindle arranged 1n a tool housing and rotatable about a cen-
tral axis that defines an axial direction and a radial direction,
the protection device comprising:

an mner ring {ixedly joined to the motor spindle;

an outer ring joined to the housing;

preloading members applying an elastically resilient axial

preload 1n the axial direction to the inner ring against the
outer ring; and
radial damping elements arranged between the inner ring
and the outer ring and providing a dampening force 1n
the radial direction operative to dampen vibrations,

wherein the inner ring 1s arranged 1n the outer ring 1n a way
permitting axial motion of the motor spindle along the
central axis and a tilting motion of the motor spindle
radially away and toward the central axis.

2. The protection device according to claim 1, wherein the
preloading members are arranged on the outer ring distrib-
uted about a circumierence of the outer ring.

3. The protection device according to claim 2, wherein an
outside of the inner ring includes an annular flange (9) having
a side facing the outer ring that includes a bearing surface to
bear against an annular supporting surface of the outer ring.

4. The protection device according to claim 3, wherein a
radial outer side of the annular flange of the inner ring
includes a semicircular rounding to bear against a corre-
spondingly rounded bearing surface of the outer ring.

5. The protection device according to claim 1, wherein the
preloading members are compression springs, and wherein a
bearing surface of the inner ring 1s pressed against an annular
supporting surface of the outer ring.

6. The protection device according to claim 1, wherein
cach of the preloading members 1s mounted between a head of
a screw fixed in the outer ring and an of the 1nner ring.
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7. The protection device according to claim 1, wherein the 9. The protection device according to claim 1, wherein the
damping elements each comprise a radial retaining element inner ring 1s mounted to an annular flange of a spindle housing
acted upon by a respective spring. of the motor spindle.

8. The protection device according to claim 7, wherein 10. The protection device according to claim 1, wherein the
cach of the retaining elements 1s movably guided mmoneofa 5 outer ring 1s fixedly attached to the tool housing by means of
plurality of radial drilled holes distributed about a circumier- a cover disk.

ence of the inner ring and engages with one of a plurality of
indentations of the outer ring. * k% k%
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